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.2013.10.0Abstract Desalination of seawater has become an important and growing ﬁeld due to the present
water shortage in some countries. This activity may result in some environmental impacts, mainly gen-
erated by the discharge into the sea of the brine produced, which can affect marine benthic communi-
ties. The present study aims to study the response of the seagrass Halodule uninervis (Forssk.) Aschers.
to hypersaline stress. The results showed that H. uninervis fully tolerate salinity up to 50 psu by accu-
mulation of the organic osmoprotactants (free amino acids, proline and soluble sugars) and inorganic
osmoprotactants specially Na+ and K+. Sublethal effects appeared at 55 psu and the plants fully
recovered when returned to normal salinity. Salinities 60 and 65 psu have a drastic effect on this sea-
grass and the plants did not recover after returning to the normal conditions. The results indicated that
H. uninervis can tolerate salinity above control by 15 psu. To conserve this plant, it is recommended
that the brine must be diluted at least to 50 psu before discharging it into the sea.
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Desalinated seawater has become an important source of
water in coastal regions where demand has increased to exceed
rarely available freshwater resources (Tsiourtis, 2001). Recent
estimates suggest that up to 25 million m3 of desalinated water
is produced daily around the world (Lattemann and Ho¨pner,
2008). Nations in the Middle East were the ﬁrst to adopt
and depend upon large-scale desalination due to the limited
sources of potable freshwater in these arid areas and the avail-
ability of cheap energy. Presently, almost half of the world’s
desalinated water is produced in this region (Lattemann and
Ho¨pner, 2008). In Egypt, this technology was developed re-
cently in the recent tourism resorts as Sharm El-Shekh, Hurgh-
ada, Marsa Alam and other Red Sea cities.
The development of technologies, such as reverse osmosis
(RO), with acceptable costs (in terms of energy and space) is
seen as a promising solution to water shortages (Torquemada
and Lizaso, 2005). However, desalination plants can have sig-
niﬁcant environmental impacts, mainly due to the large vol-
ume of brine (roughly equivalent to the volume of drinking
water produced) discharged into the sea, which can reach
salinities between 60 and 90 psu (Lizaso et al., 2008).
The effects of hypersaline water have been assessed for
some marine plant species or communities (e.g. Castriota
et al., 2001 and Koch et al., 2007b).
Seagrasses are one of the main targets of such investiga-
tions, for three reasons: (i) their distribution that overlaps
potential discharge points; (ii) their high sensitivity to distur-
bances; and (iii) their well-known biological and ecological rel-
evance (Green and Short, 2003; den Hartog and Kuo, 2006).
Despite recent advances in the ﬁeld, knowledge of the
effects on seagrasses of exposure to high salinities remains re-
stricted to a few species of the Mediterranean region and very
rare to those of Red Sea. Seagrasses exposed to changes in
salinity can suffer osmotic stress, with the consequent changes
at the biochemical and physiological levels (Touchette, 2007).These include alterations of their photosynthetic rates (Kerr
and Strother, 1985; Dawes et al., 1987) and metabolism (van
Katwijk et al., 1999), altered growth rates (McMillan and
Moseley, 1967; Walker, 1985; Walker and McComb, 1990)
and increased mortality (Vermaat et al., 2000; Torquemada
and Lizaso, 2006).
Den Hartog (1970) recorded the occurrence of Halodule
uninervis from Indian Ocean to Western Paciﬁc Ocean and
their marginal seas. This Seagrass species is widely distributed
from the Ryukyu Islands, Japan, through Malaysia to north-
ern Australia, Fiji, the Tonga islands and New Caledonia
(McMillan, 1980; Den Hartog and Zong-Dai, 1988) and ex-
tends to the eastern coast of Africa and South Africa. In addi-
tion, H. uninervis represents one of the commonest seagrasses
in the Red Sea (Geneid, 2009). The responses of Egyptian
Red Sea seagrasses to hypersaline stress caused by desalination
plants have received low attention in the literatures, thus, the
present study conducted a mesocosm experiment under con-
trolled conditions to estimate the effects of short-term salinity
variations on survival, growth and physiological responses of
the seagrass H. uninervis as an example of the Egyptian Red
Sea seagrasses.
Materials and methods
Plant sampling and experimental design
Halodule uninervis plants (including under and above ground
parts) were carefully harvested by skin diving in April 2008
from a shallow meadow (approximately 1.0 m deep) from
Hurghada Marine Station, National Institute of Oceanogra-
phy and Fisheries (NIOF) (2716059.6000N and 33460
24.2600E). The plants were collected from the seaﬂoor using a
wide-edged knife to ensure the collection of the underground
parts, stored with its surrounded sediments in a large cool con-
tainer (27 L) with ambient seawater. Sediment and sea water
were collected from the same site and analyzed according to
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and wastewater (APHA, 1995). Finally, sediment and plant
containers were transported to NIOF laboratory, Suez Branch,
where the experiment was conducted.
Within 8 h of collection, the seagrass plants were planted in
12 transparent, glass aquaria (40 cm high · 60 cm length ·
45 cm width) normal seawater which was obtained from Suez,
exposed to overhead ﬂuorescent light for 12 h and dark for
12 h and ambient temperature (22 ± 2 C). The conditions in
the microcosms were kept unmodiﬁed for 5 days to allow plant
acclimation. After the acclimation period, the dead shoots
were discarded and the life shoots in the aquaria were sub-
jected to saline effect experiment, adequate amounts of salt
were added so as to raise the salinity of the aquaria (except
controls). Such addition lasted for one hour; this was slow en-
ough to prevent (or at least attenuate) osmotic shock, but com-
patible with increments in salinity associated with a brine
discharge (Torquemada and Lizaso, 2005).
Final salinities are as follows: 40 psu (control); 45, 50, 55,
60, and 65 psu. In order to avoid experimental bias and nonde-
monic intrusion, treatments were completely randomized and
interspersed (Hurlbert, 1984). Salinity treatments were made
using natural salt produced from concentrating seawater.
Salinity during experimental time was checked using a Crison
GL 32 conductimeter (Crison Instruments, Barcelona, Spain).
The plants were maintained under these conditions for two
weeks and then returned to the normal salinity condition (40
psu) by gradual removing saline water and diluting normal
sea water until 40 psu. At the end of each week, 25 plants were
collected and analyzed.Plant response measurements
Growth criteria
Heights of shoots were measured before salinity application.
Leaf growth was determined using a modiﬁed Zieman’s
method (Zieman, 1974). Ten leaves were marked in each
aquarium immediately before salt addition and the increase
in leaf area was measured at the end of the experiment per-
iod by measuring leaf width and length. Leaf necrosis has
been shown to be associated with seagrass deterioration
(Romero et al., 2007) and speciﬁcally with salinity stress
(Gacia et al., 2007). To quantitatively assess the incidence
of necrosis in leaves, four categories were established,
namely: ‘‘green’’ (with no evident necrosis spots), ‘‘spotted’’
(with evident necrosis spots, but with less than 50% of the
surface necrotic), ‘‘necrotic’’ (with evident necrosis spots,
but with less than 75% of the surface necrotic) and ‘‘black’’
(with more than 75% of the surface necrotic). The number
of leaves in each category was counted and expressed necro-
sis incidence as a percentage relative to the total number of
leaves present in each aquarium. Since no leaf abscission
took place during the experiment, shoots were considered
dead when all of its leaves were black (fully necrotic cate-
gory). Shoot mortality was hence expressed as the percent-
age of number of dead shoots relative to the total number
of shoots per aquarium.
At the end of the experiment, plants were transferred to nor-
mal salinity (40 psu) to determine if they were able to recover
their growth. Mortality rates were estimated as the percentage
of plants that did not grow when returned to normal salinity.Physiological responses
Photosynthetic pigment analysis
Attached epiphytes were manually removed from the surface
of leaves. The non-photosynthetic part of the stem and leaf
was removed as they do not participate in the photosynthesis
process. Photosynthetic pigments (chlorophyll a, chlorophyll
b and carotenoids) were extracted and determined in the fresh
leaves according to the spectrophotometric method recom-
mended by Metzner et al. (1965).
Estimation of total soluble sugars
Total soluble sugars were measured in an ethanolic extract of
H. uninervis shoots, using phenol–sulfuric according to the
method of Dubois et al. (1956). Pure glucose was used as
standard.
Estimation of total carbohydrates
Total carbohydrates of seagrass plant samples were extracted
by dissolving 0.2 g of plant powder in 2.5 ml of 2 M HCl in
sealed tubes. The sealed tubes were heated at 100 C for a per-
iod of 2–5 h (Chaplin and Kennedy, 1994) and the carbohy-
drate content was estimated colorimetrically by the phenol
sulfuric acid method as described by Dubois et al., 1956.
Estimation of proline
Proline content in H. uninervis shoots was determined using
the method of Bates et al. (1973). Pure proline was used as a
standard.
Estimation of total free amino acids
Total free amino acids in H. uninervis shoots were determined
using ninhydrin reagent according to Moore and Stein (1954).
Pure glycine was used as standard.
Estimation of total soluble proteins
Total soluble proteins in H. uninervis shoots were determined
according to the method of Bradford (1976) serum albumin
as standard.
Estimation of crude protein
The crude protein was determined in H. uninervis shoots using
the micro- Kjeldhal method of Sadasivam and Manicham
(1996). The nitrogen content was multiplied by 6.25 to obtain
the protein content [Association of Ofﬁcial Agricultural
Chemists].
Estimation of mineral content
Oven-dried shoot of H. uninervis shoots was ground to pass
through 0.5 mm sieve and then analyzed for N, P, K, Ca,
Mg and Na contents according to Allen (1989).
Statistical analysis
Data were statistically analyzed using the one-way analysis of
variance (ANOVA) as described by Snedecor and Cochran
(1969) to compare between the responses of the seagrass to
the increased levels of salinity. The means were compared by
LSD at 5% using SPSS program version 12. Salinity
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170 A.A. Khalafallah et al.treatments have been classiﬁed according to their effect on
growth parameters by application of the agglomerative cluster-
ing analysis technique according to Kruscal (1964) by using
Community Analysis Package (1999).
Results
Growth responses to hypersaline conditions
Increased levels of salinity have been shown to increase the
incidence of leaf necrosis, which almost doubled in the 60
and 65 psu aquaria, compared to the control (40 psu). On
the other hand, it remained unaltered in the 45 psu aquaria
and mildly affected in the 50 and 55 psu aquaria (Table 1).
Shoot mortality was observed in the 55 and 65 psu treatments,
with values of 20% and 23% after a week’s treatment, 64%
and 62% after 2 weeks and highly increased after recovery
with values of 89% and 96%. No shoot mortality was ob-
served in the 45 and 50 psu salinity aquaria through the exper-
iment period.
Leaf and shoot growth rates were stunted in the 65 and
60 psu aquaria, while they remained similar to the controls
(40 psu) in the 45 psu aquaria. On the other hand, they were
signiﬁcantly reduced in 50 and 55 psu by 27.8% and 40.1%
after 2 weeks from increasing salinity.
Dendrogram resulting from the application of the cluster-
ing agglomerative technique based on growth parameters of
H. uninervis, classiﬁed salinity treatment according to their ef-
fect into three groups. The ﬁrst group contains 40 and 45 psu;
the 2nd group contains 50 and 55 psu; while 60 and 65 psu
form the 3rd group (Figure 1). This result indicated that each
two salinity treatments had a similar effect. Thus, one treat-
ment from each group was chosen for the physiological study.
These treatments were 40, 50, 60 and 65 psu.
Physiological responses to hypersaline conditions
Photosynthetic pigment content
Photosynthetic pigments (chl. ‘‘a’’, chl. ‘‘b’’, total chl. and
carotenoids) of H. uninervis were signiﬁcantly reduced after 1
or 2 weeks when water salinity was increased to a level of more
than 50 psu (Figure 1). On the other hand, 50 psu treatment
has signiﬁcantly reduced chl. ‘‘a’’ after the 1st week but this
reduction became insigniﬁcant in the second week. The data
illustrated (Figure 2) showed that salinity treatments; 50 and
60 psu signiﬁcantly increased carotenoids by 13.3% and
8.4%, respectively higher than control after the 1st week. In
addition, 60 and 65 psu salinity treatments in the 2nd week sig-
niﬁcantly reduced carotenoids by 81.0% and 90% compared
with control. After recovery, the photosynthetic pigment levels
of H. uninervis growing in 50 psu aquarium have showed sim-
ilar values to control.
Carbohydrate content
It is indicated that 60 and 65 psu salinity treatments have sig-
niﬁcantly reduced the total carbohydrates of H. uninervis by
10.4% and 12.3%, after the 1st week (Figure 3), and by
19.8% and 20.8%, after the 2nd week. The total soluble carbo-
hydrate content was signiﬁcantly increased after the ﬁrst week
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Figure 2 Levels of photosynthetic pigments in the seagrass H. uninervis as a response to hypersaline conditions.
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Figure 3 Total carbohydrates and soluble carbohydrate contents of H. uninervis seagrass as a response to hypersaline conditions.
Figure 1 Dendrogram showing the results of cluster analysis on salinity treatments based on the growth parameters of H. uninervis.
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signiﬁcantly reduced the total soluble sugars by 23.7% and
54.2% when the treatment period increased to 14 days. The re-
corded data showed that 50 psu salinity treatments have en-
hanced soluble sugar synthesis over the period of the
experiment.Nitrogenous compound content
Free amino acids and proline contents of H. uninervis leaves
signiﬁcantly increased as a result of a gradual increase in salin-
ity from 40 to 65 psu after a week of treatment (Figure 4).
After 2 weeks, 60 and 65 psu salinity treatments signiﬁcantly
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172 A.A. Khalafallah et al.reduced, the free amino acids by 22.8% and 47.9% and proline
by 54.8% and 69.2%, compared with their contents after
1 week of treatment. Salinity treatment 50 psu increased, the
free amino acids and proline content leaves with long term
(14 days), this increase is not affected by recovery.
After 2 weeks of treating with high salinities; 60 and 65 psu,
total soluble protein was signiﬁcantly reduced by 37.9% and
55.1%, and crude protein by 62.3% and 68.5%, compared
with 40 psu treatment. The salinity treatment 50 psu showed
a low effect on total soluble and crude protein of this seagrass.
Mineral content
Sodium ions are dominant mineral inH. uninervis shoots, how-
ever they were signiﬁcantly increased with an increase in both
salinities from 40 to 65 psu (Figure 5) concentration and the
time of exposure (14 days). Contents of the other estimated
minerals (K+, Ca++, Mg++, P and N) showed a negative
correlation with salinities (60 and 65 psu) and time of expo-
sure, but recorded positive with 50 psu treatment and time of
exposure. Salinity treatment 65 psu reduced K+, Ca++,
Mg++, P and N by 54.4%, 90.0%, 73.8%, 84.0% and
74.3%, respectively, after treatment of 14 days. On the other
hand, 50 psu treatments increased K+, Mg++, P and N by
18.0%, 7.0%, 5.4% and 16.1% compared with those of
40 psu treatments. The results showed that Na+:K+ ratio
of the control is 1.67 ± 0.02, this ratio increased with increas-
ing salinity stress and multiplied with increasing period of the
exposure at 60 and 65 psu salinities.
Discussion
In the short term, the present results show that, H. uninervis is
able to tolerate sustained and moderate salinity increases up to
45 psu without any apparent damage. However, it loses vitality
as salinity increases further (55 psu) and suffers substantial
mortality at values of 60 and 65 psu. At salinities of 60 and
65 psu, the plant showed diverse symptoms of alteration,including an increase of necrosis incidence, which affected
more than 75% of leaf area, and a signiﬁcant mortality
(89% and 96%, respectively, of shoots died at the end of the
14-day period, with no mortality in controls). Mortality of
shoots treated with 50, 55, 60 and 65 psu increased with
increasing the period of exposure. Plants surviving at interme-
diate salinities of 45–55 psu for 15 days were able to regain
growth when they returned to normal seawater salinity, while
those surviving at hypersalinities 60 and 65 psu were not able
to regain growth. Longer exposure times would be expected
to decrease the survival rates and recovery of this species. Leaf
and shoot growth rates showed a signiﬁcant gradual reduction
with increasing salinity. Growth rate of H. uninervis surviving
in 60 and 65 psu aquaria was stunted. The results showed full
damage to H. uninervis plants as they were exposed to hyper-
osmotic stress (60 and 65 psu).
These results are consistent with some previous studies,
which found similar responses in seagrasses exposed to hyper-
saline conditions (Murphy et al., 2003; Torquemada and Liz-
aso, 2005; Torquemada and Lizaso, 2006; Gacia et al., 2007;
Koch et al., 2007a,b; Page`s et al., 2010). However, the avail-
able evidence suggests that time, salinity thresholds and the
magnitude of the response vary greatly between species in ef-
fect. Previous studies aimed at assessing the behavior of seag-
rasses under hypersaline conditions have shown that responses
ranged from considerable sensitivity (e.g. in the Mediterranean
endemics Posidonia oceanica; Torquemada and Lizaso, 2005;
Gacia et al., 2007) through moderate sensitivity (e.g. Zostera
marina and Zostera noltii. van Katwijk et al., 1999; Torque-
mada and Lizaso, 2006) to high tolerance (as much as 60 psu
for Thalassia testudinum and 65 psu for Halodule wrightii;
Koch et al., 2007b).
Salinity ﬂuctuations can alter important plant biochemical
and physiological processes, which in turn, can inﬂuence plant
metabolism, growth, development, and reproduction (Vermaat
et al., 2000; Torquemada et al., 2005).
Recent data achieved this hypothesis; however, increasing
water salinity caused a marked reduction in chl. ‘‘a’’ and chl.
‘‘b’’ of H. uninervis plants. This reduction recorded its highest
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other hand, the accumulative effect of 50 psu had a non signif-
icant effect on total chlorophyll but signiﬁcantly increased
carotenoids. Carotenoids have increased with increasing salin-
ity up to 60 psu during the 1st week of treatment, while the
accumulative effect of the salinity stress (60 and 65 psu) signif-
icantly reduced carotenoids. Reduction in the chlorophyll con-
tent of H. uninervis has inﬂuenced the photosynthetic processes
leading to growth reduction. This indicated that hypersalinity
stress inhibited chlorophyll synthesis by inhibiting enzyme
activity. Salinity stress can alter photosynthetic capacities in
seagrasses (Ralph, 1998; Murphy et al., 2003; Torquemada
et al., 2005). Ralph (1998) reported that during hyperosmotic
conditions, Halophila ovalis was able to maintain typical
Fv/Fm and quantum yield (U) over the ﬁrst 5 h, however as
the stress duration continued these photosynthetic parameters
declined markedly. It was suggested that the decline in photo-
chemical efﬁciency could be attributed to ion imbalances and
membrane destabilization. Similarly, declines in minimum
ﬂuorescence (Fo) were also observed after 48 h of exposure
to hypersaline conditions, indicating possible damage to PSII
reaction centers (Franklin et al., 1992; Ralph, 1998). Increase
in carotenoid contents in seagrass leaves can be considered
as a defense mechanism to saline stress. However, carotenoids
have a critical role as photoprotective compounds by quench-
ing triplet chlorophyll and singlet oxygen derived from excess
light energy, thus limiting membrane damage (Pogson et al.,
2006).In response to salinity change, many plants will accumu-
late or break low-molecular-weight organic solutes to achieve
long-term osmotic adjustment. Prominent organic osmolytes
in seagrasses include organic acids, soluble carbohydrates,
and free amino acids (Touchette and Burkholder, 2000a,b,
2002; Ye and Zhao, 2003). The osmoprotectant properties
of these compatible solutes include reduced inhibitory effects
of ions on enzymes, increased thermal stability of enzymes,
and limited dissociation of enzyme complexes (Solomon
et al., 1994; Papageorgiou and Murata, 1995). In Z. marina
and Ruppia maritima, for example, sucrose and proline ap-
pear to be the principle organic osmotica (Murphy et al.,
2003; Ye and Zhao, 2003). Results of this study indicated that
H. uninervis had the same mechanism to resist the elevation in
salinity. The recorded data showed that with increasing
salinity for a week, soluble sugars, free amino acids and pro-
line were signiﬁcantly increased in the vegetative parts of
H. uninervis, while long-term effect of salinities (60 and
65 psu) resulted in a highly signiﬁcant reduction in these
solutes. Murphy et al. (2003) noticed changes in proline con-
tent of R. maritima occurred within 2 days of osmotic stress.
Brock (1981) estimated that proline concentrations in the
cytosol of Ruppia spp. could account for as much as 50%
of the cytoplasmic osmotic potential. Van Diggelen et al.
(1987) reported that proline content in Z. marina was also
elevated at higher salinities.
Under hypersaline stress (60 and 65 psu) for a week, the in-
crease in soluble sugars, free amino acids and proline was
174 A.A. Khalafallah et al.accompanied with a signiﬁcant reduction in the total carbohy-
drates and crude protein beside chlorophyll content. In this re-
spect, H. uninervis liberates these osmolytes from hydrolyzing
carbohydrates and proteins. Murphy et al. (2003) summarized
that total carbohydrate content of R. maritima, appeared to
decrease with increasing salinities. This decline in carbohy-
drates could be associated with conversions of these com-
pounds toward more soluble forms of organic compounds
that would better facilitate osmotic adjustment. In addition,
Cavalieri and Huang (1981) and Cavalieri (1983) reported that
increased production of proline could promote internal nitro-
gen deﬁciencies.
Increase in the period of hypersaline stress signiﬁcantly re-
duced both the osmolytes and structural compounds. These re-
sults indicated that the hypersaline stress has a negative effect
on anabolism processes. On the other hand, soluble sugars,
free amino acids and proline content of H. uninervis surviving
in 50 psu aquarium showed a signiﬁcant elevation than those
of control plants without an effect on total carbohydrates
and crude protein content.
Marine plants must be able to balance Na+ and Cl ﬂuxes
used for maintaining osmotic equilibrium while preventing the
accumulation of these toxic ions within the cytoplasm. More-
over, many emergent halophytes have salt-secreting glands
that effectively remove excess salt from plant tissues (Liphs-
chitz and Waisel, 1974; Hansen et al., 1976), however such
structures are apparently lacking in seagrasses (Jagels, 1973;
Murphy et al., 2003).
The present study showed that a low negative correlation
between increasing salinity and ion accumulation was re-
corded in H. uninervis. The study also showed that accumula-
tion of Na+ under hypersaline stress was accompanied by
lowering seagrass health leading to high mortality rates.
Salt-damage effect on plants (as outlined by Mahajan and
Tuteja, 2005) can be derived from four basic physiological
processes: (i) loss of ionic equilibrium as the inﬂux of Na+
lowers cellular membrane potentials followed by the accumu-
lation of Cl down an electrochemical gradient, (ii) disrup-
tion of cellular metabolism by Na+ through the
impairment of vital enzymes (Niu et al., 1995), (iii) loss of os-
motic balance following ion accumulation, resulting in both
reduced growth and development, and (iv) decreased photo-
synthetic efﬁciencies and increased formation of reactive oxy-
gen species (ROS) following Na+ buildup (Flowers et al.,
1977; Greenway and Munns, 1980; Yeo, 1998).
Touchette (2007) reported that unlike Na+ which can ad-
versely affect both catabolism and metabolism, K+ is essen-
tial for maintaining osmotic balance, and supporting
biological reactions as co-factors for numerous vital enzymes.
Therefore, the uptake and assimilation of K+ is imperative
for overall plant health and growth. However, Na+ com-
petes with K+ for intracellular inﬂux. Many K+ transport
systems tend to also have high afﬁnities for Na+ and thus
function as Na+/K+ symporters (Blumwald et al., 2000;
Carpaneto et al., 2004). Therefore relatively high environ-
mental Na+ levels can inﬂuence K+ inﬂux efﬁciencies in
marine plants. The present study recorded that Na+/K+ ra-
tio for H. Uninervis growing in the normal salinity (40 psu)
was 1.67 ± 0.02. This result is similar to that of most seag-
rasses (2.7 ± 0.58) and marine algae (1.25 ± 0.04) which isrecorded by Touchette, 2007 but different than those of ter-
restrial higher plants (18.7). Touchette suggested that higher
Na+:K+ ratio may indicate a greater dependence on organ-
ic osmolytes for maintaining osmotic equilibrium and sug-
gested that K+ functions act as a major osmolyte in
marine algae and seagrasses.
According to the previously presented data, it seems that
increasing water salinity up to 55 psu would cause high dam-
age to H. uninervis plants, while increasing salinity to 50 psu
(i.e. 10 psu above control) did not cause any noticeable dam-
age but activated tolerance mechanism by increasing; caroten-
oid content, organic osmoprotactants (soluble sugars, free
amino acids and proline) and inorganic osmoprotactants
(Na+ and K+). At salinity of 55 psu, sub lethal effects began
to appear.
However, it was found that prolonged exposure to moder-
ate hypersaline waters and/or synergistic effects (for instance,
with higher temperatures or sediment hypoxia) could result
in cumulative stress curtailing the long-term health of seagrass
beds (Koch et al., 2007b), and probably resulting in more
restrictive impact threshold limits.References
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